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T2 and the Lysholm score was added for clinical outcome. To calculate
correlations between between the morphological MOCART score, the
clinical Lysholm score and the biochemical parameters, DWI and T2
values for cartilage repair tissue within each patient were evaluated
against healthy articular cartilage as DWI- and T2-index. Images 1 and 2
visualize (a) Diffusion maps and (b) T2 maps for patients after MFX and
MACT.
Results: No differences in MOCART or Lysholm score was observed
between MFX and MACT. T2-mapping was able to distinguish cartilage
repair tissue after MFX and MACT. DWI showed a clear differentiation
between healthy cartilage and cartilage repair tissue in both repair
procedures. Correlation was found between the Lysholm score and the
MOCART score. In addition, a signiﬁcant correlation between the Lysholm
score and DWI and a trend to correlate between the Lysholm score and
T2 could be observed.
Conclusions: Using biochemical MR parameters, additional information
could be gained after different cartilage repair procedures. In combination
with clinical outcome measurements and morphological MR evaluation,
T2-mapping and DWI can be seen as valuable parameters for the follow-
up of cartilage repair and for the characterization of the cartilage repair
tissue. Using the T2 and DWI index, the clear dependency of the bio-
chemical values of cartilage repair tissue on an internal control site was
demonstrated; in addition, biochemical parameters should be simpliﬁed
to help in the clinical evaluation. Further studies should work to conﬁrm
a predictive value for biochemical MR imaging in the long-term outcome
of cartilage repair procedures.
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Purpose: Joint immobilization is beneﬁcial as a treatment option, but
it also causes degeneration or atrophy of the articular cartilage. The
stiffness of articular cartilage decreases after joint immobilization. Soft-
ened articular cartilage is vulnerable to damage during weightbearing.
Scanning acoustic microscopy (SAM) characterizes biological tissues by
estimating the elastic parameters based on the sound speed, which
strongly correlates with the elasticity (Young’s elastic modulus). In the
present study, we applied SAM to estimate the elasticity of the articular
cartilage in the course of knee joint immobilization in a rat knee experi-
mental model.
Methods: Animals: Sixty adult male Sprague-Dawley rats weighing from
380 to 400 g were used. Their knee joints were immobilized at 150º
of ﬂexion by rigid internal but extra-articular ﬁxation for various periods
(4, 8, and 16 weeks). The knee joint capsule and the joint itself were
untouched. Sham operated animals had holes drilled in the femur and
tibia and screws inserted but none of them were plated.
Tissue Preparation: The specimens were ﬁxed with paraformaldehyde.
After decalciﬁcation and dehydration through a graded series of ethanol
solution, the specimens were embedded in parafﬁn. The embedded tissue
was cut into 5mm sagittal sections. Standardized serial sections were
created in the medial midcondylar region of the knee. We chose 3 areas
(non-contact, transitional, and contact area) from each condyle of the
femur and tibia.
Scanning acoustic microscopy (SAM): Our new concept SAM consists
of ﬁve parts: (1) ultrasonic transducer, (2) pulse generator, (3) digital
oscilloscope with PC, (4) microcomputer board and (5) display unit (Fig-
ure 1A). A single pulsed ultrasound with 5 ns pulse width was emitted and
received by the same transducer above the specimen. Distilled water was
used as the coupling medium between the transducer and the specimen.
The reﬂections from the tissue surface and from interface between the
tissue and the glass were received by the transducer and were introduced
into a digital oscilloscope (Figure 1B). The sound speed was calculated
by Fourier-transforming the waveform. Normal light microscopic images
corresponding to the stored acoustic images were captured. In the areas,
the sound speed of total articular cartilage was calculated with a gray
scale images. Gradation color images were also produced for clear
visualization of the sound speed.
Results: In the transitional area, the low sound speed area gradually
expanded from the surface of the articular cartilage in the immobilized
group. The sound speed of the articular cartilage in the transitional area
was slower in the immobilized group compared with the control group
throughout the experimental period. Statistical difference was observed
at 16 weeks in the femur and tibia. In the non-contact area, gradation
color image of the tibial articular cartilage in the immobilized group was
similar to that of the control group. Statistical difference was not observed
through the experimental period.
Conclusions: This is the ﬁrst report of chronological changes in the
sound speed of articular cartilage after immobilization assessed by SAM.
SAM is a powerful tool for evaluating the elasticity and its distribution in
the targeted tissue in situ.
393 THE SPATIAL DISTRIBUTION OF CARTILAGE LOSS
IN THE MEDIAL FEMORAL CONDYLE VARIES WITH
RADIOGRPHIC JOINT SPACE NAROWING – DATA FROM THE
OSTEOARTHRITIS INITIATIVE (OAI)
W. Wirth1, O. Benichou2, K. Kwoh3, D. Hunter4, R. Putz5, F. Eckstein6,
for the OAI investigators. 1Chondrometrics GmbH, Ainring, GERMANY,
2Eli Lilly & Co, Indianapolis, IN, USA, 3Division of Rheumatology and
Clinical Immunology, University of Pittsburgh, Pittsburgh, PA, USA,
4Division of Research, New England Baptist Hospital, Boston, MA, USA,
5Institute of Anatomy, LMU Munich, Munich, GERMANY, 6Institute of
Anatomy, Paracelsus Medical University, Salzburg, AUSTRIA
Purpose: The stress distribution throughout the medial femoral condyle
(MF) depends on the knee ﬂexion angle, with the anterior portion more
heavily loaded in knee extension and the posterior portion in extreme
ﬂexion. Identiﬁcation of speciﬁc regions of MF that are more sensitive
to cartilage loss in OA may reduce the number of participants required
for DMOAD studies. Cartilage loss may, however, depend in part on the
amount of JSN present. The purpose of this study was thus to determine
the sensitivity to change in cartilage thickness throughout the MF in knees
with various stages of medial radiographic joint space narrowing (mJSN).
Methods: An algorithm for subdividing the medial femoral condyle (MF)
in anterior-posterior direction was developed. Spheres were ﬁtted to the
subchondral bone surface (tAB) of MF, to establish a frame of reference
(long axis of the femur, intersecting MF at the trochlear notch = 0º). Nine
overlapping regions of 30º (0−30º, 15−45º, 30−60º etc.) were deﬁned
from anterior to posterior along the tAB of MF. The algorithm was
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applied to sagittal baseline and year 1 follow up MR data sets (0.7mm
DESSwe) of 160 knees from 80 participants from the OA initiative with
frequent bilateral knee pain (OAI public-use datasets1.2.1 Clinical Data
set and 1.B.1 Imaging Data set; 48 women, 32 men; age=60.6±9.1 yrs.;
BMI = 31.1±4.0). The knees were selected based on the site readings in
ﬁxed ﬂexion radiographs and were re-read centrally to conﬁrm unilateral
medial JSN.73 knees showed mJSN 0, 54 displayed mJSN 1, and 33
mJSN 2/3. The standardized response mean (SRM = mean change/SD of
change) of cartilage thickness (ThCtAB) was computed for all subregions
of MF as a measure of the sensitivity to change.
Results: In the 160 knees the magnitude and sensitivity to cartilage loss
was greatest in regions located at 30º to 75º (Table 1). The region of
greatest change, however, varied with JSN: Knees with JSN 0 showed
a maximum of −1.5% change (SRM=−0.21) in a region 30º-60º, those
JSN 1 a maximum of 3.2% (SRM=−0.35 to −0.37) at 45º-90º, and those
with JSN 2/3 a maximum of −9.0% (SRM −0.76) at 15º-45º.
Conclusions: The rate and sensitivity of cartilage loss in the medial
femoral condyle (MF) increased with increasing JSN (SRM −0.11 in JSN 0
to −0.85 in JSN 2/3). Interestingly, the location of maximal change in MF
varied also with JSN: Painful knees without JSN displayed the greatest
changes in a region at 30−60º of MF, whilst those with JSN 1 encountered
the greatest changes more posteriorly, and those with JSN2/3 somewhat
more anteriorly. Further studies may elucidate the relationship between
the pattern of femoral cartilage loss and changes in the posterior horn of
the meniscus.
Table 1: Mean change (MC%) for cartilage thickness in the 9 regions of interest of the medial
femoral condyle
MC [%] MF 0º-
30º
15º-45º 30º-60º 45º-75º 60º-90º 75º-105º 90º-120º 105º-135º 120º-150º
ALL −1.6 −2.0 −2.3 −2.9 −2.7 −1.8 −1.0 −0.7 −0.7 −1.1
JSN 0 −0.5 −0.8 −1.1 −1.5 −1.1 −0.2 0.5 0.4 0.0 −0.5
JSN 1 −1.5 −1.1 −1.2 −2.4 −3.2 −2.2 −1.3 −0.7 −0.4 −0.7
JSN 2/3 −5.1 −7.7 −9.0 −8.6 −6.9 −5.7 −4.5 −2.9 −2.4 −2.8
Table 2: SRM for cartilage thickness changes in the 9 regions of interest of the medial femoral
condyle (MF)
SRM MF 0º-30º 15º-45º 30º-60º 45º-75º 60º-90º 75º-105º 90º-120º 105º-135º 120º-150º
ALL −0.28 −0.19 −0.22 −0.28 −0.33 −0.28 −0.16 −0.11 −0.12 −0.19
JSN 0 −0.11 −0.10 −0.15 −0.21 −0.18 −0.03 0.09 0.08 0.01 −0.11
JSN 2 −0.21 −0.09 −0.09 −0.19 −0.35 −0.37 −0.22 −0.12 −0.07 −0.11
JSN 3 −0.85 −0.60 −0.76 −0.73 −0.59 −0.62 −0.51 −0.42 −0.43 −0.45
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Purpose: To reduce the number of morphological variables of cartilage
needed to be reported in longitudinal studies of OA progression, we
here investigate the performance (speciﬁcally the test-retest precision
and the longitudinal sensitivity to change) of different metrics of MR-
based cartilage morphology, different computational implementations for
calculating these metrics, and different femoral regions of interest.
Methods: In a ﬁrst component of this study, test-retest acquisitions were
acquired in 30 participants (15 healthy, 15 with OA) at one center at
3 Tesla. In a second component, baseline and follow up acquisitions
were acquired at baseline and 24 months later in 28 female participants
with obesity, symptomatic, and radiographic (K-L grade 3) OA at seven
imaging centers (all 3 Tesla). Double oblique (double bull eye) coronal
spoiled gradient recalled images at steady state (SPGR) with selective
water excitation were acquired. Segmentation of the medial and lateral
tibial cartilages; in the femoral cartilage plates two regions of interest
(ROIs) were compared: one extending from the trochlear notch to the
intercondylar bone bridge (short ROI) and one from the trochlear notch
to the 60% slice towards the posterior ends of the femoral condyles (long
ROI).
Results: The size of the subchondral bone area for the long femoral ROI
was 33.9% larger in the medial and 34.5% larger in the lateral femoral
condyle than the short ROI. In addition, the tAB was less variable amongst
participants than the short ROI (CV% 11% versus 20% medially and 10%
versus 18% laterally). Different cartilage morphology metrics were more
precise in the long than in the short femoral ROI, with a coefﬁcients of
variation (CV%) for cartilage thickness (ThCtAB) of 2.5% versus 2.8%
medially and 2.6% versus 2.7% laterally. Normalized cartilage volume
(VCtAB) and mean cartilage thickness (over the entrire subchondral bone
area = ThCtAB.Me) were generally more precise and more sensitive to
change (SRM −0.29 to −0.62) over two years than cartilage volume (VC),
the mean cartilage thickness over the cartilaginous area (ThCcAB), or
the maximal cartilage thickness. An implementation computing thickness
from the cartilage surface to the bone interface was slightly more sensitive
to change in the medial tibia, whereas in the medial femur the computation
of thickness from the bone interface to the cartilage surface was slightly
superior.
Conclusions: When studying cartilage loss quantitatively with MRI, a
long femoral ROI in coronal acquisitions (60% from trochlear notch to pos-
terior end of femoral condyle) shows better performance (higher precision
and sensitivity to change) than a short ROI (from the trochlear notch to the
interconylar bone bridge). Amongst different cartilage metrics, cartilage
volume normalized to total subchondral bone area (VCtAB) and mean
cartilage thickness over the entire subchondral bone area (ThCtAB.Me)
represent more powerful outcomes than other metrics of cartilage mor-
phology in longitudinal OA studies. Because of slight differences in
performance in the tibial and femoral cartilage, an implementation that
computes the average of the mean thickness between the articular
surface and bone interface, and between the bone interface and articular
surfaces, respectively, appears preferable.
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Purpose: Ultra-high-ﬁeld whole body systems (7.0T) have a high po-
tential for future human in-vivo MRI. In musculoskeletal MRI, biochem-
ical imaging of articular cartilage may beneﬁt, in particular. Delayed
gadolinium-enhanced MRI of cartilage (dGEMRIC) and T2 mapping have
shown potential at 3.0T. In addition, the evaluation of zonal variation
provides an indicator of the hyaline nature of cartilage.
Thus, the aim of our study was to show the feasibility of in vivo dGEMRIC,
as well as T2 and T2* relaxation measurements, at 7.0T MRI; and to eval-
uate the potential of T2 and T2* measurements in an initial patient study
after matrix-associated autologous chondrocyte transplantation (MACT)
in the knee.
Methods: MRI was performed on a whole-body 7.0 T MR-scanner using
a dedicated knee coil. The protocol consisted of an inversion recovery
sequence for dGEMRIC (Fig. 1), a multi-echo spin-echo sequence for
standard T2 and a GRE sequence for T2*-mapping (Fig. 2) and a
morphological PD SPACE sequence. Twelve healthy volunteers (mean
age 26.7 years) and four patients (mean age 38.0 years) were enrolled
29.5±15.1 months after MACT. For dGEMRIC, ﬁve healthy volunteers
were included. ROI analysis was carried out for global (T1dGEMRIC)
and additioanlly deep and superﬁcial cartilage aspects (T2 and T2*).
Statistical evaluation was performed by analyses of variance.
Results: Mean T1 (dGEMRIC) values for healthy volunteers showed
slightly different results for femoral (T1(0): 1259ms; T1(Gd): 683ms)
compared to tibial cartilage (T1(0): 1093ms; T1(Gd): 769ms). Global
mean T2 relaxation for healthy volunteers showed comparable results
for femoral (T2: 56.3ms; T2*: 19.7ms) and patellar (T2: 54.6ms;
T2*: 19.6ms) cartilage, but lower values for tibial cartilage (T2: 43.6ms;
T2*: 16.6ms). All healthy cartilage sites showed a signiﬁcant increase
from deep to superﬁcial cartilage (p< 0.001). Within healthy cartilage sites
in MACT patients, adequate values could be found for T2 and T2* with
signiﬁcant stratiﬁcation. Within cartilage repair tissue, global mean values
showed equal values for T2 and T2*. However, zonal assessment showed
